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Abstract
Purpose/Background: Osteoarthritis (OA) is a costly, debilitating musculoskeletal disease. A
disparity in OA incidence in young individuals who don body borne load while physically active,
such as service members, reportedly exists. Incidence of premature OA in service members is
greater than twice the general population and steadily increasing at the knee. Moreover, there
is disparity in knee OA incidence for female and African-American service members, who are
15%-25% more likely to develop the disease. A service member’s physical activity directly con-
tributes to premature knee OA development. Specific knee locomotion biomechanics indicative
of joint instability, including large and/or abrupt knee adduction motions, may increase their like-
lihood of OA development. Yet, no objective measure of knee instability currently exists; nor is
it understood how body borne load leads to altered, and potentially hazardous knee locomotion
biomechanics that increase incidence of premature knee OA among service members. This study
sought to determine whether knee motions posited to be indicative of joint instability progressively
increase with body-borne load and duration of load carriage.
Materials & Methods: To date, six recreationally active adults had knee biomechanics quantified
while walking 1.3 m/s for 60 minutes with a different, randomly ordered body borne load: (un-
loaded: 0 kg, 15 kg and 30 kg). During the load carriage task, dominant limb knee biomechanics
were quantified from three walk trials (1.3 m/s ± 5%) recorded at minute 0, and every 15 minutes
thereafter (i.e., 5, 15, 30, etc.). For each trial, the peak, range, and jerk cost of knee adduction angle
was quantified using data from the video-based motion capture system and accelerometer-based
IMU sensors. To determine whether body-borne load or the duration of load carriage increases
knee joint instability, each dependent knee adduction measure was submitted to a RM ANOVA to
test the main effect and interaction between time (minutes 0, 15, 30. . . 60) and load (0,15 and 30
kg). To compare the video-based and accelerometer-based data, each dependent knee adduction
measure was submitted to equivalence testing, or two one-sided t-tests of the difference between
these measures, in the same participant. Alpha was p < 0.05.
Results: Preliminary analysis found neither body borne load, nor time had a significant effect
on peak, range, or jerk cost of knee adduction (p>0.05) (Table 1 and Figure 1). No significant
difference was evident between the video-based and accelerometer-based derived knee adduction
measures (p>0.05).
Discussion/Conclusion: Walking with body borne load may increase knee OA risk for service
members. During locomotion, current participants exhibited a non-significant increased in range
and jerk cost of knee adduction, and OA risk with each addition of body borne load. Specifically,
participants exhibited a 11% and 22% increase in range and jerk cost of knee adduction with the
30 kg load. In contradiction to our hypothesis, participants did not further increase knee adduc-
tion throughout the duration of locomotion, despite the 33% increase in jerk cost after 45 minutes
of load carriage. With additional testing, we expect a statistically significant increase range and
jerk cost of knee adduction with body borne load, but only an increase in jerk cost throughout the
duration of load carriage.
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ABSTRACT 
Purpose/Background: Osteoarthritis (OA) is a costly, debilitating musculoskeletal disease. 
A disparity in OA incidence in young individuals who don body borne load while physically active, 
such as service members, reportedly exists. Incidence of premature OA in service members is 
greater than twice the general population and steadily increasing at the knee. Moreover, there is 
disparity in knee OA incidence for female and African-American service members, who are 15%-
25% more likely to develop the disease. A service member’s physical activity directly contributes 
to premature knee OA development. Specific knee locomotion biomechanics indicative of joint 
instability, including large and/or abrupt knee adduction motions, may increase their likelihood of 
OA development. Yet, no objective measure of knee instability currently exists; nor is it 
understood how body borne load leads to altered, and potentially hazardous knee locomotion 
biomechanics that increase incidence of premature knee OA among service members. This study 
sought to determine whether knee motions posited to be indicative of joint instability progressively 
increase with body-borne load and duration of load carriage. 
Materials & Methods:  To date, six recreationally active adults had knee biomechanics 
quantified while walking 1.3 m/s for 60 minutes with a different, randomly ordered body borne 
load: (unloaded: 0 kg, 15 kg and 30 kg). During the load carriage task, dominant limb knee 
biomechanics were quantified from three walk trials (1.3 m/s ± 5%) recorded at minute 0, and 
every 15 minutes thereafter (i.e., 5, 15, 30, etc.). For each trial, the peak, range, and jerk cost of 
knee adduction angle was quantified using data from the video-based motion capture system and 
accelerometer-based IMU sensors. To determine whether body-borne load or the duration of load 
carriage increases knee joint instability, each dependent knee adduction measure was submitted to 
a RM ANOVA to test the main effect and interaction between time (minutes 0, 15, 30…60) and 
load (0,15 and 30 kg). To compare the video-based and accelerometer-based data, each dependent 
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knee adduction measure was submitted to equivalence testing, or two one-sided t-tests of the 
difference between these measures, in the same participant. Alpha was p < 0.05. 
Results:   Preliminary analysis found neither body borne load, nor time had a significant 
effect on peak, range, or jerk cost of knee adduction (p>0.05) (Table 1 and Figure 1). No significant 
difference was evident between the video-based and accelerometer-based derived knee adduction 
measures (p>0.05). 
Discussion/Conclusion:  Walking with body borne load may increase knee OA risk for 
service members. During locomotion, current participants exhibited a non-significant increased in 
range and jerk cost of knee adduction, and OA risk with each addition of body borne load. 
Specifically, participants exhibited a 11% and 22% increase in range and jerk cost of knee 
adduction with the 30 kg load. In contradiction to our hypothesis, participants did not further 
increase knee adduction throughout the duration of locomotion, despite the 33% increase in jerk 
cost after 45 minutes of load carriage. With additional testing, we expect a statistically significant 
increase range and jerk cost of knee adduction with body borne load, but only an increase in jerk 
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